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We present a calculation of the strong decays of the exotic states Zb(10610) and Z
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I Introduction
A few years ago the Belle Collaboration [1] reported on the observation of two charged bottomoniumlike res-
onances in the mass spectra of π±Υ(nS) (n = 1, 2, 3) and π±hb(mP ) (m = 1, 2) in the decays Υ(5S) →
Υ(nS)π+π−, hb(mP )π
+π−. The measured masses and widths were given by
MZb = (10607.2± 2.0) MeV , ΓZb = (18.4± 2.4) MeV ,
MZ′
b
= (10652.2± 1.5) MeV , ΓZ′
b
= (11.5± 2.2) MeV . (1)
The existence of these two states was later confirmed by the same collaboration [2, 3] in differing decay channels.
In [2] the Belle Collaboration rediscovered the two states in e+e− annihilation into Υ(nS)π+π− (n = 1, 2, 3). It
was found that the favored quantum numbers for both Zb states are I
G(JP ) = 1+(1+).
In the paper [3] the Belle Collaboration reported on the results of an analysis of the three-body processes e+e− →
BB¯π±, BB¯∗π±, and B∗B¯∗π±. It was found that the transitions Z±b (10610) → [BB¯∗ + c.c.]± and Z±b (10650) →
[B∗B¯∗]± dominate among the corresponding final states. The fit to the BB∗π and B∗B∗π data gave the values of Zb
masses and widths
MZb = (10605± 6) MeV , ΓZb = (25± 7) MeV ,
MZ′
b
= (10648± 13) MeV , ΓZ′
b
= (23± 8) MeV . (2)
The relative decay fractions for the Zb-decays were determined assuming that they are saturated by the Υ(nS)π
(n = 1, 2, 3), hb(mP )π (m = 1, 2) and B
(∗)B¯∗ channels.
The theoretical structure assignments for the two hidden-bottom meson resonances proposed immediately after
their observation [4]-[24] were based on a molecular [4–7, 9, 11, 16] and a tetra-quark interpretation [12, 13] using
the analogy to the corresponding states in the charm sector. In [8] the new resonances were identified as a hadro-
quarkonium system based on the coupling of light and heavy quarkonia to intermediate open-flavor heavy-light mesons.
Subsequently these states have been studied extensively using various assignments within different approaches: chiral
quark model [14], using phenomenological Lagrangians [15, 17, 19], effective field theory [18, 22], QCD sum rules [20],
meson exchange model [21], effective range theory [23], and holographic QCD [24].
In Ref. [16] some of us presented a detailed analysis of the strong decays Z+b → Υ(nS)+π+ and Z ′+b → Υ(nS)+π+,
n = 1, 2, 3) using a phenomenological Lagrangians formulated in terms of hadronic degrees of freedom. The hadronic
molecular approach was developed in Refs. [25] and is based on the compositeness condition formulated in [26, 27].
The compositeness condition implies that the renormalization constant of the hadron wave function is set equal to
zero or that the hadron is a bound state of its constituents.
In this paper we study the strong decays of the Zb and Z
′
b states using the covariant confined quark model (CCQM)
proposed in Refs. [28, 29]. The CCQM has been successfully applied to the description of the properties of the exotic
X(3872), Zc(3900), Z(4430), and X(5568) states [28–31]. The present study complements the analysis performed in
2Ref. [16]. Both approaches are based on the use of the compositeness condition once formulated in terms of hadronic
constituents and then in terms of quark constituents. The four-quark approach gives an opportunity to analyze both
tetraquark and molecular configurations of constituents inside exotic states. In Ref. [31] we have shown that the
four-quark picture with molecular-type of interpolating currents are favored for the Zc(3900) states. In the case of
the Zb(10610) and Z
′
b(10650) states there is strong experimental confirmation that they are four-quark states with
a molecular-type configuration. For this reason we will only consider molecular-type four-quark currents for these
states in the present paper.
The paper is organized as follows. In Sec. II, we discuss the choice of the interpolating four-quark currents with
molecular configuration for the exotic Zb(10610) and Z
′
b(10650) states. We give model independent formulas for the
matrix elements and decay rates of the strong two-body decays of these states. In Sec. III we calculate matrix elements
and decays rates in the framework of our covariant quark model. In Sec. IV we discuss the numerical results obtained
in our approach and compare them with available experimental data. Finally, in Sec. V we summarize our findings.
II Zb(10610) and Zb(10650) as molecular-type four-quark states
Since the masses of the Z+b (10610) and Z
′
b(10650) resonances are very close to the respective B
∗B¯ (10604 MeV) and
B∗B¯∗ (10649 MeV) thresholds, in Ref. [4] it was suggested that they have molecular-type binding structures. Their
observed quantum numbers are IG(JP ) = 1+(1+), so that the neutral isotopic states with I3 = 0 have the quantum
numbers JPC = 1+−. As a result the allowed interpolating four-quark currents have the form:
Jµ
Z+
b
=
1√
2
[
(d¯γ5b)(b¯γ
µu) + (d¯γµb)(b¯γ5u)
]
, (3)
Jµν
Z′+
b
= εµναβ(d¯γαb)(b¯γβu) . (4)
Such a choice guarantees that the Zb-state can only decay to the [B¯
∗B + c.c.] pair whereas the Z ′b-state can decay
only to a B¯∗B∗ pair. Decays into the BB-channels are forbidden.
The exotic states can also decay into a bottomonium state plus a charged light meson. We start with the classification
of such two-body decays. In Table I we show a list of the orbital excitations of the bb¯ states with spin 0 and 1 by
analogy with the charmonium excitations as given in Ref. [32].
TABLE I: The bottomonium states 2S+1L J . We use the notation
↔
∂=
→
∂ −
←
∂ .
quantum number IG(JPC) name quark current mass (MeV)
0+(0−+) (S = 0, L = 0) 1S0 = ηb(1S) b¯ iγ
5 b 9399.00 ± 2.30
0−(1−−) (S = 1, L = 0) 3S1 = Υ b¯ γ
µ b 9460.30 ± 0.26
0+(0++) (S = 1, L = 1) 3P0 = χb0 b¯ b 9859.44 ± 0.52
0+(1++) (S = 1, L = 1) 3P1 = χb1 b¯ γ
µγ5 b 9892.72 ± 0.40
0−(1+−) (S = 0, L = 1) 1P1 = hb(1P ) b¯
↔
∂
µ
γ5 b 9899.30 ± 0.80
G-parity is a multiplicatively quantum number conserved in strong interactions. Keeping in mind that G(π+) = −1
and G(ρ+) = +1, the decays Zb → Υρ, ηbπ, χb1π, hbρ are forbidden. The decay Zb → χb1ρ is not allowed kinematically.
There are therefore only the three allowed decays: Z+b → Υ+ π+, Z+b → hb + π+ and Z+b → ηb + ρ+.
Let us discuss the spin kinematics for the three decays 1+ → 1− + 0− (Z+b → Υ + π+, Z+b → [B¯∗ 0B+ + c.c.],
Z+b → ηb + ρ+), 1+ → 1+ + 0− ( Z+b → hb + π+) and 1+ → 1− + 1− ( Z+b → B¯∗ 0B∗+).
• The decay 1+ → 1− + 0−.
The momenta and the Lorentz indices of the polarization four-vectors in the decay are labelled according to the
transition matrix element
M = 〈1−(q1; δ), 0−(q2)|T |1+(p;µ)〉 . (5)
The product of the parities of the two final state mesons is (+1) which matches the parity of the initial state. Thus
the two final state mesons must have even relative orbital momenta. In the present case these are L = 0, 2. The
3spins s1 and s2 of the two final state mesons couple to the total spin S = 1. Thus one has the two (LS) amplitudes
(L = 0, S = 1) and (L = 2, S = 1). The covariant expansion of the transition matrix is given by
M = (Agµδ +B qµ1 q
δ
2) εµ ε
∗
1δ . (6)
Alternatively one may describe the transition amplitude by the helicity amplitudes Hλλ1 . The helicity amplitudes
may be expressed as a linear superposition of the invariant amplitudes A and B. One has
H00 = − E1
M1
A− M
M1
|q1|2B , H+1+1 = H−1−1 = −A. (7)
Since the particles of the initial and final states are on their mass-shells one has p2 = M2, q21 = M
2
1 , q
2
2 = M
2
2 and
pµεµ = 0, q
δ
1ε
∗
δ = 0. The magnitudes of the final state three-momentum and energy in the rest frame of the initial
particle is given by |q1| = λ1/2(M2,M21 ,M22 )/2M and E1 = (M2 +M21 −M22 )/2M , respectively.
The rate of the decay 1+(p)→ 1−(q1) + 0−(q2) finally reads
Γ =
|q1|
24πM2
{(
3 +
|q1|2
M21
)
A2 + (M2 +M21 −M22 )
|q1|2
M21
AB +
M2
M21
|q1|4B2
}
,
=
|q1|
24πM2
{
|H+1+1|2 + |H−1−1|2 + |H00|2
}
. (8)
• The decay 1+ → 1+ + 0−.
The matrix element is described by
M = 〈1+(q1; δ), 0−(q2)|T |1+(p;µ)〉 . (9)
In this decay the product of the parities of the two final state mesons is (−1) which does not match the parity of the
initial state. Thus the two final state mesons must have odd relative orbital momenta. In the present case this is
L = 1. The spins s1 and s2 of the two final state mesons couple to the total spin S = 1. Thus one has only one (LS)
amplitude with L = 1, S = 1. This implies that there is only one invariant amplitude in this transition. Accordingly
there is only one term in the covariant expansion of the matrix given by
M = C εq1q2µδ εµ ε
∗
1δ , (10)
where εq1q2µδ = q1αq2β ε
αβµδ.
The rate of the decay 1+(p)→ 1+(q1) + 0−(q2) can be seen to be given by
Γ =
|q1|3
12πM2
C2 . (11)
This decay is suppressed kinematically due to the p-wave suppression factor |q1|2.
• The decay 1+ → 1− + 1−.
By naive counting the covariant expansion of the matrix element
M = 〈1−(q1; δ), 1−(q2; ρ)|T |1+(p;µ)〉 . (12)
involves five invariant amplitudes whereas there are only three independent (LS) amplitudes. This can be seen as
follows. The product of the parities of the two final state mesons is (+1) which matches the parity of the initial state.
Thus the two final state mesons must have even relative orbital momenta. In the present case these are L = 0, 2. The
spins s1 and s2 of the two final state mesons couple to the total spins S = 0, 1, 2. Thus one has three (LS) amplitudes
with L = 0, S = 1, L = 2, S = 1 and L = 2, S = 2. Returning to the covariant form , the naive expansion of the
matrix element reads
M = (A1 ε
q1µρδ +A2 ε
q2µρδ +A3 ε
q1q2µρ qδ2 +A4 ε
q1q2µδ qρ1 +A5 ε
q1q2ρδ qµ1 )εµε
∗
δε
∗
ρ . (13)
taking into account the transversality conditions pµεµ = 0, q
δ
1ε
∗
δ = 0 and q
ρ
2ε
∗
ρ = 0. However, in four dimensions there
are two linear relations between the five covariants which can be calculated using the Schouten identity. In fact, one
has
εq1q2µδ qρ1 = ε
q1q2ρδ qµ1 − εq1µρδ q1q2 + εq2µρδ q21 ,
εq1q2µρ qδ2 = ε
q1q2ρδ qµ1 + ε
q1µρδ q22 − εq2µρδ q1q2 . (14)
4The matrix element can therefore be written as
M =
(
B1 ε
q1q2ρδ qµ1 +B2 ε
q1µρδ +B3 ε
q2µρδ
)
εµεδερ . (15)
where
B1 = −(A3 +A4 +A5) ,
B2 = −(A1 + q22A3 − q1q2A4) ,
B3 = −(A2 − q1q2A3 + q21A4) . (16)
The relation between the helicity amplitudes Hλ;λ1λ2 (λ = λ1−λ2) and the invariant amplitudes can be calculated
to be
H 0;+1+1 = −H0;−1−1 = −E1A1 − E2A2 −M |q1|2A5 ,
H+1;+1 0 = −H−1;−1 0 = (E1M −M
2
1 )
M2
A1 + M2A2 − M
2
M2
|q1|2A4 ,
H−1; 0+1 = −H+1; 0−1 =M1A1 + (E1M −M
2
1 )
M1
A2 − M
2
M1
|q1|2A3 . (17)
The rate of the decay 1+(p)→ 1−(q1) + 1−(q2), finally, reads
Γ =
|q1|
24πM2
· 2
{
M2|q1|4B21 +
[
(1 +
M2
M22
)|q1|2 + 3M21
]
B22 +
[
(1 +
M2
M21
)|q1|2 + 3M22
]
B23
+ (M2 +M21 −M22 )|q1|2B1B2 + (M2 −M21 +M22 )|q1|2B1B3 +
[
3(M2 −M21 −M22 )− 2|q1|2
]
B2B3
}
=
|q1|
24πM2
· 2
{
|H 0;+1+1|2 + |H+1;+1 |2 + |H−1; 0+1 |2
}
. (18)
III Two-body decays of Zb(10610) and Z
′
b
(10650) in a covariant quark model
The nonlocal renditions of the local four-quark currents written down in Eqs. (3) and (4) are given by
Jµ
Z+
b
(x) =
∫
dx1 . . .
∫
dx4δ
(
x−
4∑
i=1
wixi
)
ΦZb
(∑
i<j
(xi − xj)2
)
Jµ4q(x1, . . . , x4), (19)
JµZb;4q =
1√
2
{
(d¯(x3)γ5b(x1))(b¯(x2)γ
µu(x4)) + (d¯(x3)γ
µb(x1))(b¯(x2)γ5u(x4))
}
and
Jµν
Z′+
b
(x) =
∫
dx1 . . .
∫
dx4δ
(
x−
4∑
i=1
wixi
)
ΦZb
(∑
i<j
(xi − xj)2
)
Jµν4q (x1, . . . , x4), (20)
JµνZ′
b
;4q = ε
µναβ (d¯(x3)γαb(x1))(b¯(x2)γβu(x4))
The effective interaction Lagrangians describing the coupling of the Zb and Z
′
b states to its constituent quarks is
written in the form
Lint,Zb = gZb Zb, µ(x) · JµZb(x) + H.c. (21)
Lint,Z′
b
=
gZ′
b
2MZ′
b
Z ′b, µν(x) · JµνZ′
b
(x) + H.c. , (22)
where Z ′b, µν = ∂µZ
′
b, ν −∂νZ ′b, µ is the stress tensor of the Z ′b field. We have included a factor 1/MZ′b in the interaction
Lagrangian for the Zb, µ state to have the same dimension for the gZb and gZ′b couplings.
The coupling constants gH , H = Zb, Z
′
b in Eqs. (21) and (22) are determined by the normalization condition called
the compositeness condition (see, Refs. [27] and [33] for details).
ZH = 1− g2H Π˜′H(M2H) = 0, (23)
5where ΠH(p
2) is the scalar part of the vector-meson mass operator
Π˜µνH (p) = g
µνΠ˜H(p
2) + pµpνΠ˜
(1)
H (p
2),
Π˜H(p
2) =
1
3
(
gµν − pµpν
p2
)
ΠµνH (p). (24)
The Fourier-transforms of the Zb and Z
′
B mass operators are given by
Π˜µνZb (p) =
9
2
3∏
i=1
∫
d4ki
(2π)4i
Φ˜2Zb
(− ~ω 2)
×
{
tr
[
γ5S1(kˆ1)γ5S3(kˆ3)
]
tr
[
γµS4(kˆ4)γ
νS2(kˆ2)
]
+tr
[
γµS1(kˆ1)γ
νS3(kˆ3)
]
tr
[
γ5S4(kˆ4)γ5S2(kˆ2)
]}
(25)
and
Π˜µνZ′
b
(p) = − 9
3∏
i=1
∫
d4ki
(2π)4i
Φ˜2Z′
b
(− ~ω 2) εµpαβ ενpρσ
M2Z′
b
× tr
[
γρS1(kˆ1)γαS3(kˆ3)
]
tr
[
γβS4(kˆ4)γσS2(kˆ2)
]
, (26)
where
kˆ1 = k1 − w1p , kˆ2 = k2 − w2p , kˆ3 = k3 + w3p , k4 = k1 + k2 − k3 + w4p ,
~ω 2 = 1/2 (k21 + k
2
2 + k
2
3 + k1k2 − k1k3 − k2k3) (27)
and εµpαβ = pν ε
µναβ .
The matrix elements of the two-body decays are given by
Mµδ
(
Zb(p, µ)→ Υ(q1, δ) + π+(q2)
)
=
3√
2
gZbgΥgpi
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Zb
(− ~η 2) Φ˜Υ (− (k1 + v1q1)2) Φ˜pi (− (k2 + u4q2)2)
×
{
tr
[
γ5S1(k1)γ
δS2(k1 + q1)γ
µS4(k2)γ5S3(k2 + q2)
]
+tr
[
γµS1(k1)γ
δS2(k1 + q1)γ5S4(k2)γ5S3(k2 + q2)
]}
= AZbΥpi g
µδ +BZbΥpi q
µ
1 q
δ
2 , (28)
Mµδ
(
Z ′b(p, µ)→ Υ(q1, δ) + π+(q2)
)
= 3 gZ′
b
gΥgpi
iεµpαβ
MZ′
b
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Z′
b
(− ~η 2) Φ˜Υ (− (k1 + v1q1)2) Φ˜pi (− (k2 + u4q2)2)
× tr [γαS1(k1)γδS2(k1 + q1)γβS4(k2)γ5S3(k2 + q2)]
= AZ′
b
Υpi g
µδ +BZ′
b
Υpi q
µ
1 q
δ
2 , (29)
Mµρ (Zb(p, µ)→ ηb(q1) + ρ(q2, ρ)) = 3√
2
gZbgηbgρ
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Zb
(− ~η 2) Φ˜ηb (− (k1 + v1q1)2) Φ˜ρ (− (k2 + u4q2)2)
×
{
tr [γ5S1(k1)γ5S2(k1 + q1)γ
µS4(k2)γ
ρS3(k2 + q2)]
+ tr [γµS1(k1)γ5S2(k1 + q1)γ5S4(k2)γ
ρS3(k2 + q2)]
}
= AZbηbρ g
µρ −BZbηbρ qµ2 qρ1 . (30)
6Mµρ (Z ′b(p, µ)→ ηb(q1) + ρ(q2, ρ)) = 3 gZ′bgηbgρ
iεµpαβ
MZ′
b
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Z′
b
(− ~η 2) Φ˜ηb (− (k1 + v1q1)2) Φ˜ρ (− (k2 + u4q2)2)
× tr [γαS1(k1)γ5S2(k1 + q1)γβS4(k2)γρS3(k2 + q2)]
= AZ′
b
ηbρ g
µρ −BZ′
b
ηbρ q
µ
2 q
ρ
1 . (31)
Mµδ
(
Z+b (p, µ)→ hb(q1, δ) + π+(q2)
)
=
3√
2
gZbghbgpi
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Zb
(− ~η 2) Φ˜hb (− (k1 + v1q1)2) Φ˜pi (− (k2 + u4q2)2)
×
{
tr
[
γ5S1(k1)γ5 · (2kδ1)S2(k1 + q1)γµS4(k2)γ5S3(k2 + q2)
]
+tr
[
γµS1(k1)γ5 · (2kδ1)S2(k1 + q1)γ5S4(k2)γ5S3(k2 + q2)
] }
= εµδq1q2AZbhbpi , (32)
Mµδ
(
Z ′b(p, µ)→ hb(q1, δ) + π+(q2)
)
= 3 gZ′
b
ghbgpi
iεµpαβ
MZ′
b
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Z′
b
(− ~η 2) Φ˜hb (− (k1 + v1q1)2) Φ˜pi (− (k2 + u4q2)2)
× tr [γαS1(k1)γ5 · (2kδ1)S2(k1 + q1)γβS4(k2)γ5S3(k2 + q2)]
= εµδq1q2AZ′
b
hbpi . (33)
The argument ~η 2 of the Zb and Z
′
b vertex functions is given by
~η 2 = η21 + η
2
2 + η
2
3 ,
η1 = +
1
2
√
2
(2k1 + (1 + w1 − w2)q1 + (w1 − w2)q2) ,
η2 = +
1
2
√
2
(2k2 − (w3 − w4)q1 + (1 − w3 + w4)q2) ,
η3 = +
1
2
((1− w1 − w2)q1 − (w1 + w2)q2) , (34)
where wi = mi/(m1 +m2 +m3 +m4). The quark masses mi are specified as m1 = m2 = mb, m3 = m4 = md = mu,
and the two-body reduced masses as vi = mi/(m1 +m2) (i = 1, 2) and uj = mj/(m3 +m4) (j = 3, 4).
The matrix elements of the decays Z+b → B¯0 +B∗+ and Z+b → B¯∗ 0 +B+ read
Mµρ
(
Z+b (p, µ)→ B¯0(q1) +B∗+(q2, ρ)
)
=
9√
2
gZbgBgB∗
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Zb
(
−~δ 2
)
Φ˜B
(− (k2 + v4q1)2) Φ˜B∗ (− (k1 + u1q2)2)
× tr [γµS1(k1)γρS3(k1 + q2)] tr [γ5S4(k2)γ5S2(k2 + q1)]
= AZbB¯B∗ g
µρ −BZbB¯B∗ qµ2 qρ1 , (35)
7Mµα
(
Z+b (p, µ)→ B¯∗ 0(q1, δ) +B+(q2)
)
=
9√
2
gZbgB∗gB
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Zb
(
−~δ 2
)
Φ˜B∗
(− (k1 + vˆ1q1)2) Φ˜B (− (k2 + uˆ4q2)2)
× tr [γ5S1(k1)γ5S3(k1 + q2)] tr
[
γµS4(k2)γ
δS2(k2 + q1)
]
= AZbB∗B g
µδ +BZbB∗B q
µ
1 q
δ
2 . (36)
The argument of Zb-vertex function is given by
~δ 2 = δ21 + δ
2
2 + δ
2
3 ,
δ1 = − 1
2
√
2
(k1 + k2 + (w1 − w2)q1 + (1 + w1 − w2)q2)) ,
δ2 = +
1
2
√
2
(k1 + k2 + (1− w3 + w4)q1 − (w3 − w4)q2) ,
δ3 = +
1
2
(k1 − k2 + (w1 + w2)q1 − (1− w1 − w2)q2)) . (37)
The quark masses are specified as m1 = m2 = mb, m3 = m4 = md = mu, and the two-body reduced masses as
vˆ2 = m2/(m2 +m4), vˆ4 = m4/(m2 +m4) and uˆ1 = m1/(m1 +m3), uˆ3 = m3/(m1 +m3).
Finally, we consider the Z ′+b → B∗++ B¯∗ 0 decay. This process is described by the invariant matrix element, which
is expressed in terms of three relativistic amplitudes Bi, (i = 1, 2, 3) as
Mµδρ(Z ′+b (p, µ)→ B∗0(q1, δ) + B¯∗+(q2, ρ)) = 9 gZ′bgB∗gB∗
εµpαδ
MZ′
b
×
∫
d4k1
(2π)4i
∫
d4k2
(2π)4i
Φ˜Z′
b
(
−~δ 2
)
Φ˜B∗
(− (k1 + vˆ1q1)2) Φ˜B∗ (− (k2 + uˆ4q2)2)
× tr [γαS1(k1)γδS3(k1 + q1)] tr [γβS4(k2)γρS2(k2 + q2)]
= B1q
µ
1 ǫ
q1q2ρδ +B2ǫ
q1µρδ +B3ǫ
q2µρδ . (38)
IV Numerical results
First of all, we would like to note that all adjustable parameters of our model (constituent quark masses, infrared
cut-off and size parameters) have been fixed in our previous studies by a global fit to a multitude of experimental
data [34]. The only two new parameters are the size parameters of the two exotic Zb(Z
′
b) states. As a guide to adjust
them we take the experimental values of the largest branching fractions presented in Ref. [3]:
B(Z+b → [B+B¯∗ 0 + B¯0B∗+]) = 85.6+1.5+1.5−2.0−2.1% ,
B(Z ′+b → B¯∗+B∗ 0) = 73.7+3.4+2.7−4.4−3.5% . (39)
By using the central values of these branching rates and total decay widths given in Eq. (2) we find the central values
of our size parameters ΛZb = 3.45 GeV and ΛZ′b = 3.00 GeV. Allowing them to vary in the interval
ΛZb = 3.45± 0.05 GeV ΛZ′b = 3.00± 0.05 GeV , (40)
we obtain the values of various decay widths shown in Table II.
The total widths are equal to
∑
i Γi(Zb) = 30.9
+2.3
−2.1.0 MeV and
∑
i Γi(Z
′
b) = 34.1
+2.8
−2.5 MeV which should be
compared with the experimental values Γ(Zb) = 25 ± 7 MeV and Γ(Z ′b) = 23 ± 8 MeV, respectively. The Belle
observations indicate that the decays involving bottomonium states are significantly suppressed compared with the
B-meson modes. In our calculation we find that the modes with Υ(1S)π+ and ηbρ
+ are suppressed but not as much
8TABLE II: Particle decay widths for the Z+b (10610) and Z
+
b (10650).
Channel Widths, MeV
Zb(10610) Zb(10650)
Υ(1S)pi+ 5.9± 0.4 9.5+0.7
−0.6
hb(1P )pi
+ (0.14 ± 0.01) · 10−1 0.74+0.05
−0.04 · 10
−3
ηbρ
+ 4.4± 0.3 7.5+0.6
−0.5
B+B¯∗0 + B¯0B∗+ 20.7+1.6
−1.5 −
B∗+B¯∗0 − 17.1+1.5
−1.4
as in the data. As one can see from Table II the ratios of decay rates are
Γ (Zb → Υ(1S)π)
Γ
(
Zb → BB¯∗ + c.c.
) ≈ 0.29 , Γ (Zb → ηbρ)
Γ
(
Zb → BB¯∗ + c.c.
) ≈ 0.21 ,
Γ (Z ′b → Υ(1S)π)
Γ
(
Z ′b → B∗B¯∗
) ≈ 0.56 , Γ (Z ′b → ηbρ)
Γ
(
Z ′b → B∗B¯∗
) ≈ 0.44 . (41)
The decays into the hb(1P )π
+ mode are suppressed by the p-wave suppression factor in the rate expression (11).
V Summary
By using molecular-type four-quark currents for the recently observed resonances Zb(10610) and Zb(10650), we have
calculated their two-body decay rates into a bottomonium state plus a light meson as well as into B-meson pairs.
We have fixed the model size parameters by adjusting the theoretical values of the largest branching fractions of
the modes with the B-mesons in the final states to their experimental values.
We found that the modes with Υ(1S)π+ and ηbρ
+ in the final states are suppressed but not as much as the Belle
Collaboration reported.
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